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PULSED-OUTPUT POWER SUPPLY WITH 
HIGH POWER FACTOR 

TECHNICAL FIELD OF THE INVENTION 

The invention relates to power supplies and, more par 
ticularly to pulsed-output poWer supplies having a poWer 
supply unit (PSU) charging a storage capacitor Which is 
discharged periodically into an intermittent load, such as a 
pulsed ?ash lamp in a laser system. 

BACKGROUND OF THE INVENTION 

Many modern systems utiliZe poWer in a pulsed delivery 
mode, repeatedly supplying energy to an energy storage 
element, typically charging a storage capacitor, and rapidly 
delivering the stored energy into a load. For example, 
medical lasers operate by delivering optical energy in a 
rapid-?re series of short laser bursts. These bursts are 
generated by rapidly discharging an energy storage element 
such as a capacitor into a ?ash lamp. The capacitor is 
repeatedly charged by a poWer supply unit (PSU) and 
discharged into the ?ash lamp (load). Other similar pulsed 
mode poWer supply applications include laser diode arrays, 
strobe lights, such as those used for stop-motion 
photography, and pulsed beacons, such as those used on 
broadcasting toWers, tall buildings, aircraft, etc. 

Energy storage capacitors are used to store energy for 
pulsed load applications. It is undesirable for the poWer 
supply to directly provide the pulsed load current, as this 
Would require a larger, heavier supply and draW excessive 
transient currents from the source of poWer. DraWing poWer 
in such a manner is disliked by utility companies because the 
high RMS currents result in conduction (12R) losses, requir 
ing heavier Wire, sWitches and connectors to avoid over 
heating. A good poWer factor requires the current Waveform 
to avoid large peaks—that is, to folloW the voltage Wave 
form. Regulations are arising Which require a good poWer 
factor. The RMS current capability of Wiring circuit breakers 
and outlets is limited, and this invention permits a higher 
output poWer from a given poWer source current capacity. 

Traditionally, laser poWer supply manufacturers have 
measured poWer factor (PF) into steady-state load 
conditions, but in reality this does not re?ect normal opera 
tion. To provide the high peak currents required by a typical 
?ash lamp or laser diode loads, a poWer supply unit (PSU) 
charges an energy storage element up to a predetermined 
energy level, after Which the stored energy can be rapidly 
discharged into a load. 

Using an storage capacitor as an example, a poWer supply 
unit (PSU) charges the capacitor up to a predetermined level. 
The energy stored in the capacitor is given by the 
equation: 

Where: 
C is the capacitance and 
V is the charged voltage). 

Typically, When the pulsed load (e.g., ?ash lamp or laser 
diode array) is sWitched on (i.e., When the energy storage 
element is discharged into the load), the storage capacitor 
acts as a source of high peak current to drive the load, and 
discharges rapidly. After each pulsed discharge, the PSU’s 
output voltage regulation control loop senses that the capaci 
tor voltage is loW and turns on the PSU fully. The PSU 
operates at its maximum poWer until the capacitor reaches a 
predetermined energy storage level. The PSU then stops 
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2 
charging and “idles” to maintain regulation (full charge), 
replacing losses, until the next discharge pulse. Factors 
affecting the available recharge time are line voltage 
tolerance, pulse energy demanded, pulse repetition rate 
demanded, capacitance value tolerance and temperature 
variation tolerances. As a consequence, it is normal for the 
PSU to draW high current, then idle for a period of time, 
resulting in an unfavorable (loW) PF. 

Prior-art PSU designs have generally been directed to 
charging the energy storage element fast enough to support 
the maximum output pulse rate (minimum pulse period, or 
time betWeen subsequent pulses). In doing so, hoWever, 
input poWer factor has generally been ignored. 
Most capacitor charging poWer supplies (PSUs) provide a 

constant current output. The maximum output current is 
limited by the output circuit and recti?er current ratings. At 
the start of a charging cycle the output voltage is loW, so the 
instantaneous delivered poWer (the product of voltage and 
current) is loW. At the end of the charging cycle, the 
delivered poWer is very high, typically tWice the average 
charging poWer. For pulse-forming netWorks Where the 
capacitor is discharged during each output pulse, this charg 
ing ramp of poWer creates a similar ramp of current draW 
from the poWer source, again resulting in poor poWer factor. 

Both active and passive techniques are knoWn in the prior 
art for improving (correcting) the poWer factor of electrical 
devices. 

Passive poWer factor correction techniques smooth the 
current during each cycle, and since they operate at line 
frequencies (50—60 cycles per second), they require large, 
heavy, expensive components and are limited to 0.8 or 0.9 
PF. (A “perfect” poWer factor is 1.0) Further, their ?xed 
values do not readily accommodate the Wide range of pulse 
repetition rates and duty cycles that may be required of a 
pulsed load. 

Active poWer factor correction techniques attempt to 
match the cycle-by-cycle current draWn through the input 
voltage cycle and are therefore incapable of correcting 
changes in demand occurring over several cycles or frac 
tions of a cycle Without large bulk storage capacitors, Which 
increase the siZe Weight, cost and safety haZards. 

Apractical unity (1.0) poWer factor is achieved only in the 
particular case of a steady state load demand Where the input 
current Waveform matches the input voltage Waveform over 
a number of cycles at a level that approximates the average 
poWer draWn. Another Way to express this is that even if 
each cycle is separately PF-corrected, ?uctuations in the 
poWer of each individual cycle Will cause a greater RMS 
current value and heating effect than a steady average value 
of poWer per cycle. 
The challenge in achieving a high poWer factor is par 

ticularly dif?cult for “pulse mode” poWer supplies, since in 
many cases the pulse repetition rate and pulse energy are not 
?xed, but are user selectable. 
A typical example of a prior art method and apparatus for 

controlling charging of an electrical poWer storage unit can 
be found in Us. Pat. No. 5,726,552, incorporated in its 
entirety by reference herein. As disclosed therein, 
“An electric poWer storage unit consisting of a series 

combination of capacitor cells. The storage unit is 
electrically charged With a constant charging current 
from a charger With a simple structure. If necessary, the 
simple structure remotely controls the limit voltages of 
the capacitor cells and varies the capacity and output 
poWer of the storage unit according to use conditions. 
When the terminal voltages reach reference voltages, 
parallel charging control units bypass the charging 



6,087,811 
3 

current. The parallel charging control units comprise 
shunt regulators connected in parallel With their respec 
tive capacitor cells and acting to bypass the charging 
current, coupling circuits for connection With a signal 
source and reference voltage control circuits. The ref 
erence voltage control the circuits establish reference 
voltages according to the output signals from the cou 
pling circuits, compare the terminal voltages of the 
capacitor cells and control the shunt regulators accord 
ing to the results of the comparisons. The control units 
can be digitized using digital signals.” (Abstract) 

BRIEF DESCRIPTION (SUMMARY) OF THE 
INVENTION 

It is therefore an object of the inventions to provide an 
improved technique for operating a pulsed-output poWer 
supply. 

It is another object of the invention to provide an 
improved technique for efficiently charging an energy stor 
age capacitor While obtaining a high input poWer factor 

It is another object of the invention to provide a technique 
for maintaining a high input poWer factor (PF) in a pulsed 
output poWer supply, and to maintain that high input poWer 
factor regardless of the output pulse rate. 

It is another object of the invention to provide a technique 
for dynamically compensating a pulsed-output poWer supply 
for changing pulse rates and discharge currents While main 
taining a high input poWer factor. 

It is another object of the invention to provide dynamic 
compensation for environmental factors such as line voltage 
variation and temperature such that a high input poWer 
factor can be maintained over a Wide range of variation of 
those factors. 

It is another object of the invention to permit a higher 
useful output from a poWer source having limited capability, 
and to alleviate exceeding the RMS current capability of 
Wiring circuit breakers and outlets. 

It is another object of the invention to provide a technique 
for increasing the effective poWer output from a poWer 
source having a limited capacity. 

It is another object of the invention to provide a poWer 
supply capable of supplying variable-rate high-energy 
pulses to a load While simultaneously draWing a nearly 
constant average poWer to yield a high (near 1.0) poWer 
factor 

According to the invention, the output of a poWer supply 
unit (PSU) used to charge an energy storage element such as 
a capacitor that is periodically discharged is controlled so 
that advantage can be taken of substantially all the time 
betWeen capacitor discharges to recharge the capacitor, 
resulting in reduced output requirements on the PSU and 
increased input poWer factor This technique is useful 
and advantageous for applications Where the capacitor is 
discharged into a load at regular, as Well as irregular or 
varying intervals. 

In an embodiment of the invention, energy transfer from 
the PSU to the capacitor is sensed by a current sensor or by 
a “full charge” indicator. The period of current How to the 
capacitor is compared to the historical or predicted period 
betWeen capacitor discharge pulses. The rate of energy 
transfer from the poWer supply is automatically adjusted to 
make these tWo periods approximately equal. The energy 
required to charge the capacitor is spread over the time 
available to minimiZe the peak current draW from the poWer 
source, thus improving the measured poWer factor. 
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4 
An output sWitching means periodically connects a load 

to the energy storage element, discharging the stored energy 
into the load. Typically this results in a short-duration, 
high-current pulse of energy into the load, Which is, for 
example, a laser diode array or ?ash lamp. The controller 
monitors the amount of energy stored in the energy storage 
element by means of the signals provided by the sensing 
means and controls the output of the poWer supply unit such 
that the charging rate betWeen discharges is held to a 
minimum to achieve regulation (full charge) just prior to the 
next pulse. 

In cases Where the discharge rate is changed, the control 
ler adjusts the charging rate so that the charging operation 
occupies almost the entire time period betWeen pulses. 
Assuming that the energy storage element is a capacitor, 
When the charging period (interval) is short, then the charg 
ing rate (current) is high. As the charging period becomes 
longer, the charging current from the PSU to the capacitor is 
reduced so that the capacitor is charged to the same level, but 
at a loWer rate over the longer charging interval. 
According to an aspect of the invention, the controller can 

be implemented With either analog or digital circuitry. For 
example, a digital implementation may include a micropro 
cessor and a look-up table. An analog implementation may 
include capacitors charging over time and an ampli?er 
con?gured as an integrator. 

Expanding upon the principle of poWer factor correction 
in pulsed laser systems, one can utiliZe a microprocessor to 
implement advanced control. With a microcontroller, any 
initial conditions can be accommodated based upon a com 
piled look-up table. 

System variables such as repetition (pulse) rate, pulse 
Width, pulse energy and maximum poWer output can be 
recorded for a sequence of cases and stored in read-only 
memory (ROM). When the user changes any of these, the 
microcontroller can select the best match Within a stored 
lookup table and generates the initial poWer setting. As the 
laser pulses begin, the charging rate is already optimiZed for 
a steady poWer draW betWeen shots. Additionally, the micro 
controller continues to monitor the time betWeen “Full 
charge complete” and initiation of the next pulse. Acting in 
place of the previous hardWare, the intelligent controller 
minimiZes this time necessary to maximiZe the poWer factor. 

Other objects, features and advantages of the invention 
Will become apparent in light of the folloWing description 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference Will be made in detail to preferred embodi 
ments of the invention, examples of Which are illustrated in 
the accompanying draWings. The draWings are intended to 
be illustrative, not limiting. Although the invention Will be 
described in the context of these preferred embodiments, it 
should be understood that it is not intended to limit the spirit 
and scope of the invention to these particular embodiments. 

Certain elements in selected ones of the draWings may be 
illustrated not-to-scale, for illustrative clarity. 

Often, similar elements throughout the draWings may be 
referred to by similar references numerals. For example, the 
element 199 in a ?gure (or embodiment) may be similar in 
many respects to the element 299 in an other ?gure (or 
embodiment). Such a relationship, if any, betWeen similar 
elements in different ?gures or embodiments Will become 
apparent throughout the speci?cation, including, if 
applicable, in the claims and abstract. 

In some cases, similar elements may be referred to With 
similar numbers in a single draWing. For example, a plural 
ity of elements 199 may be referred to as 199a, 199b, 199c, 
etc. 
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The cross-sectional views, if any, presented herein may be 
in the form of “slices”, or “near-sighted” cross-sectional 
vieWs, omitting certain background lines Which Would oth 
erWise be visible in a true cross-sectional vieW, for illustra 
tive clarity. 

The structure, operation, and advantages of the present 
preferred embodiment of the invention Will become further 
apparent upon consideration of the following description 
taken in conjunction With the accompanying draWings, 
Wherein: 

FIG. 1 is a timing diagram shoWing charging and dis 
charging Waveforms exemplary of the operation of a poWer 
supply of the prior art; 

FIG. 2 is a generaliZed block diagram of an embodiment 
of a poWer factor-improved poWer supply, according to the 
present invention; 

FIG. 3A is a timing diagram shoWing charging and 
discharging Waveforms exemplary of the operation of a the 
poWer factorimproved poWer supply of the present inven 
tion; and 

FIG. 3B is another timing diagram shoWing charging and 
discharging Waveforms exemplary of the operation of a the 
poWer factor-improved poWer supply of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a timing diagram 100 illustrating the operation 
of a pulsed-output poWer supply of the prior art. The X-axis 
(left-to-right, as vieWed) 102 represents time, and the Y-axis 
(bottom-to-top, as vieWed) 104 represents current. 
As illustrated in FIG. 1, a storage capacitor (not shoWn) 

is periodically discharged, as shoWn by the current “spikes” 
(narroW, high-current, discharge pulses) 110, into an 
intermittently-operated load (not shoWn, such as a laser ?ash 
lamp Which requires large, nearly instantaneous amounts of 
energy. The pulses 110 are of short duration, and typically 
occur as a sequence of pulses delivered at regularly spaced 
time intervals (“pulse period”) “T1”. 
As a general proposition, prior art poWer supplies are 

typically siZed to deliver as much energy to a load, as 
quickly as possible—in the context of the present invention, 
to charge (or re-charge) the storage capacitor as quickly as 
possible to permit operation at the highest possible pulse 
repetition frequency. 

In the example shoWn in FIG. 1, the storage capacitor is 
charged (or re-charged) during the time interval (“charge 
time”) labeled “T2”, as indicated by the Wave forms 120, 
commencing nearly immediately after a discharge pulse 110, 
to a predetermined level, typically at a loWer instantaneous 
current (over a longer period of time) than the discharge 
pulse 110. The charge time T2 is typically less than the pulse 
period T1, typically signi?cantly less, this leaves a quiescent 
or “dead” time interval of duration “T3” betWeen the 
completion of charging and the onset of the next pulse 110 
in the series of pulses. In other Words, T1zT2+T3. 
When evenly-spaced pulses from the energy storage 

capacitor are required, for example at regular T1=100 mil 
lisecond time intervals, charging the storage capacitor in a 
much shorter time interval, for example T2=20 milliseconds, 
by “slamming” (transferring) as much current as quickly as 
possible into the storage capacitor results in loW poWer 
factor In FIG. 1, the charge time T2 is shoWn as being 
approximately 50% of the pulse period T1, for illustrative 
clarity purposes only, and should not be construed as 
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6 
acknoWledging that prior art systems utiliZe 50% (or more) 
of the pulse interval to charge the storage capacitor. 

A PoWer Factor-Improved Pulsed-Output PoWer 
Supply 

It has been observed that, When pulsing loads are operated 
at a poWer level loWer than their maximum, the poWer factor 
(PF) decreases. This is because the energy required to 
recharge the reservoir (storage) capacitor is delivered over a 
small portion of the operating or mains cycle. Because the 
recharge energy is supplied over a shorter period of time 
than is necessary, the poWer supply draWs a high peak 
current, then idles (loW current) until the next discharge. 
Thus the RMS current is higher than the RMS current could 
be it Were draWn over the complete period betWeen pulse 
discharges. The present invention reduces the poWer level of 
the poWer supply (or charger) to approximately match the 
recharge time to the “available” period betWeen recharges. 
In this manner, the poWer factor (PF) of the total system With 
a pulsing load can approach the poWer factor of the poWer 
supply alone driving into a ?xed load. 

FIG. 2 is a generaliZed block diagram of an embodiment 
of a pulsed-output poWer supply 200 Which is poWer factor 
improved according to the techniques of the present inven 
tion. The pulsed-output poWer supply 200 comprises a 
poWer supply unit (PSU) 210, Which may or may not 
embody poWer factor correction, and an energy storage 
device 220 such as a storage capacitor. In the event that the 
PSU 210 already has a limited PF correction capability, the 
present invention Will improve upon that existing capability. 
PoWer is supplied to the PSU 210 from a main poWer 

source, such as a public utility company and is, for example 
110 VAC or 220 VAC at 60 HZ. The output of the PSU 210 
on the line 212 is supplied to the storage capacitor 220, 
Which accumulates energy for discharging into and operat 
ing a pulsed load 230, such as a laser ?ash lamp Which 
requires large instantaneous amounts of energy. 

Periodically, the energy accumulated in the capacitor 220 
is delivered (supplied), via a suitable sWitch 240 to the load 
230. After the capacitor 220 discharges, the sWitch 240 is 
caused to be open, disconnecting the load 230 from the 
capacitor 220, and the capacitor is re-charged (re-supplied 
With energy) by the PSU 210. The capacitor 220 is repeat 
edly charged (supplied With energy) in a time interval (T2‘) 
betWeen subsequent discharges of accumulated (stored) 
energy into the load 230. 
The sWitch 240 is suitably a semiconductor sWitch or 

sWitched current device, and is controlled by a controller 
250, as indicated by the dashed line 242. One having 
ordinary skill in the art to Which this invention most nearly 
pertains Will readily appreciate that the controller 250 can be 
implemented With analog or digital circuitry, including an 
appropriately programmed microcontroller. Alternatively, 
the sWitch 240 can be controlled by an external 
instrumentality, such as an external timer or controller (not 

shoWn). 
An important feature of the invention is that the output of 

the PSU 210 can be controlled (i.e., decreased from a 
maximum rated output) by the controller 250, as indicated 
by the line 252 extending betWeen the controller 250 and the 
PSU 210. In a general sense, the controller 250 can control 
hoW energy is delivered by the PSU 210 to the energy 
storage device (capacitor) 220, including controlling both 
the voltage and current output by the PSU 210. Optionally, 
another sWitch (not shoWn) can be disposed in the line 212 
betWeen the PSU 210 and the capacitor 220 so that When the 
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switch 240 is closed, energy is temporarily not supplied to 
the capacitor (in other Words, the load 230 is never directly 
across the output of the PSU 210). Or, a similar result can be 
obtained simply by inhibiting operation of the PSU during 
discharge of the capacitor 220 (i.e., When the sWitch 240 is 
closed.) 

According to the invention, the charging (or re-charging) 
and discharging of the capacitor 220 is monitored, such as 
With an appropriate sensing means 260 interposed in the line 
212 betWeen the PSU 210 and the capacitor 220 (as 
illustrated) or, alteratively, betWeen the sWitch 240 and the 
load 230. The sensing means 260 may simply be a current 
monitor, or the output of a voltage comparator/error ampli 
?er indicating When regulation (full charge) is reached. In 
this manner, the energy transfer betWeen the PSU 210 and 
the capacitor 220 can be monitored at all times including, 
more particularly, during a time interval or “pulse period” 
(T1‘) betWeen discharges. The charge state of the capacitor 
220 can also readily be detected by the sensing means 260. 
The sensing means 260 can measure the charge time T2‘ to 
the point of regulation by making a voltage measurement 
and comparing the voltage to a reference to provide a 
“charge complete” signal. 
A signal indicative of the energy being delivered by the 

PSU 210 to the capacitor 220 is provided on a line 262 to the 
controller 250, and can be used to control (i.e., decrease 
from a maximum rated output) the output of the PSU 210 so 
as to advantageously control the rate at Which the capacitor 
220 is charged so as to advantageously utiliZe substantially 
the entire pulse period (T1‘). In other Words, the ratio T2‘:T1‘ 
is set as close to unity as possible by dynamically adjusting 
the PSU poWer delivery rate. Experimental results have 
veri?ed this, demonstrating an improvement in poWer factor 
from 0.51 to 0.92. 

The controller 250 is suitably implemented as a digital 
controller, suitably programmed to achieve the described 
results. For example, a look-up table associated With the 
controller can store multi-dimensional data regarding charge 
rates, discharge rates, pulse periods, characteristics of the 
capacitor and PSU, and the like, to control the operation of 
the PSU according to preset recipes. Alternatively, algo 
rithms can be implemented to control the operation of the 
PSU. Additionally, user inputs can be provided to set initial 
or nominal operating characteristics of the load device 230. 
Additionally, line voltage variations can be monitored so 
that the controller can “anticipate” and compensate for 
effects of line voltage variations on input poWer factor. One 
having ordinary skill in the art to Which the present invention 
most nearly pertains Will understand hoW to implement a 
desired controller based on the description set forth herein. 

The controller 250 is also suitably implemented as an 
analog circuit, in Which case the charging current and output 
pulse currents are readily converted to analog voltages, such 
as by charging a capacitor then, by comparing a voltage 
representing for example 95% of the pulse period (T1) to a 
voltage representing the charge time (T2), an error signal 
may be generated using an ampli?er con?gured as an 
integrator. The error signal developed in this manner Would 
be used to control the poWer delivery rate of the PSU to 
balance the inputs being compared. A disadvantage of such 
an analog embodiment of the controller is that it uses 
“historical” information Which is “smoothed” by the 
integrator, Whereas it is easier to “predict” the poWer 
demand With the digital embodiment. Nevertheless, such an 
analog controller can ?nd useful application in a number of 
situations, and is readily implemented by one having ordi 
nary skill in the art to Which the present invention most 
nearly pertains based on the teachings set forth herein. 
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8 
FIG. 3A is a timing diagram 300 (compare 100) illustrat 

ing the operation of the pulsed-output poWer supply (200) of 
the present invention. The X-axis (left-to-right, as vieWed, 
compare 102) 302 represents time, and the Y-axis (bottom 
to-top, as vieWed, compare 104) 304 represents current. 
As illustrated in FIG. 3A, the storage capacitor (220) is 

periodically discharged, as shoWn by the current “spikes” 
(pulses) 310 (compare 110), into the load device (230), 
periodically at time intervals (pulse period) “T1” (compare 
T1). 

In the example shoWn in FIG. 3A, the storage capacitor is 
charged (or re-charged) during the time interval (charge 
interval) labeled “T2‘” (compare T2), as indicated by the 
Wave forms 320 (compare 120), commencing nearly imme 
diately after a discharge pulse 310. As in the example of FIG. 
1, there is a dead time “T3‘” betWeen the completion of 
charging and the onset of the next pulse 110 in the series of 
pulses. In other Words, T1‘zT2‘+T3‘. 

In this example, Wherein the discharge pulses are evenly 
spaced, for example at T1‘=100 millisecond intervals, charg 
ing the storage capacitor 220 in generally as long a time 
interval as possible, for example T2‘=95 milliseconds Will 
result in an improved input poWer factor. The overall amount 
of time available to be utiliZed for recharging the storage 
capacitor 220 is nearly the entire pulse period less, of course, 
the short ?nite duration of the pulse. For example, the pulse 
period T1‘ may be 100 milliseconds, and the pulse duration 
may be 1—2 milliseconds, resulting in an overall interval 
betWeen pulses, available for recharging the storage capaci 
tor 220, of 98—99 milliseconds. 

In FIG. 3A, the charge time T2‘ is shoWn as being 
approximately 95% of the pulse period T1‘, for illustrative 
clarity. It is speci?cally contemplated that the present inven 
tion includes utiliZing greater than 50% of the available time 
interval T1‘ betWeen pulses to charge the storage capacitor, 
including: 

at least 50% 

at least 60% 

at least 70% 

at least 80% 

of the pulse period (T2‘§0.50 T1‘); 
of the pulse period (T2‘§0.60 T1‘); 
of the pulse period (T2‘§0.70 T1‘); 
of the pulse period (T2‘§0.80 T1‘); 

at least 90% of the pulse period (T2‘§0.90 T1‘); 
at least 95% of the pulse period (T2‘§0.95 T1‘); 
An upper limit for the charge time T2‘ Would be the pulse 

period less the pulse duration, as described above, plus a 
prudent margin, such as 1% of the pulse period, for settling 
time and potential errors and ?uctuations. Thus, it is envi 
sioned that the longest charge time Would likely be no 
greater than approximately 97% of the pulse period. 

It should clearly be understood, hoWever, that the present 
invention has utility in instances When T2‘<0.50 T1. For 
example, if the PSU (210) has a limited dynamic range, and 
if loW poWer levels are required, T2‘ can drop beloW 50% of 
T1‘, in Which case the method of the present invention Will 
still have reduced the input currents and improved the poWer 
factor signi?cantly. 
A side-by-side comparison of FIGS. 3A and 1 also illus 

trates that the charging current (320 versus 120) can be 
reduced as a result of increasing the charge time. This is a 
desirable result, as the demand on the PSU 210 is less. 

It should be understood that although the Waveforms 320 
are shoWn as square Waves, and as being representative of a 
constant current, the overall energy (i.e., any combination of 
voltage and current) being delivered by the PSU 210 to the 
storage capacitor 220 during the charge time T2‘ can be 
“pro?led” in any desired manner by controlling voltage 
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and/or current to take full advantage of the charging char 
acteristics of the storage capacitor, including delivering 
energy at a constant rate over the charge time T2‘. 

FIG. 3B is a timing diagram 350 (compare 300) illustrat 
ing the operation of the pulsed-output poWer supply (200) of 
the present invention, and is illustrative of instances Wherein 
the output pulses are of irregular (uneven) duration,. The 
X-aXis (left-to-right, as vieWed, compare 302) 352 repre 
sents time, and the Y-aXis (bottom-to-top, as vieWed, com 
pare 304) 354 represents current. 
As illustrated in FIG. 3B, the storage capacitor (220) is 

periodically discharged, as shoWn by the current “spikes” 
(pulses) 310a, 310b, 310c, 310a' and 3106 (compare 310), 
into the load device (230), periodically at time intervals 
(pulse period) “T1“” (compare T1‘). In this eXample, as in 
the example illustrated in FIG. 3A, the storage capacitor 
(220) is charged (or re-charged) during the time interval 
(charge interval) labeled “T2“” (compare T2‘), as indicated 
by the Wave forms 340a, 340b, 340c, 340a' and 3406, each 
charge interval 340a . . . 340e (compare 320) preceding a 
corresponding one of the sequence of output pulses 
310a . . . 3106 and nearly immediately after a previous 

discharge pulse. 
In this eXample, the discharge pulses 310a . . . 3106 are 

not all evenly spaced. Rather, 
the pulse 310a commences after the charge interval 340a 

and folloWs a previous pulse (not shoWn) by a ?rst 
pulse time; 

the pulse 310b commences after the charge interval 340b, 
and folloWs the pulse 310a by a second pulse time T1“ 
330b Which is shoWn as being equal to the ?rst pulse 
time T1“ 330a; 

the pulse 310c commences after the charge interval 340c, 
and folloWs the pulse 310b by a third pulse time T1“ 
330c Which is also shoWn as being equal to the second 
pulse time T1“ 330b; 

the pulse 310d commences after the charge interval 340d, 
and folloWs the pulse 310c by a fourth pulse time T1“ 
330d Which is shoWn as being of less duration than the 
third pulse time T1“ 330c; and 

the pulse 310e commences after the charge interval 3406, 
and folloWs the pulse 310d by a ?fth pulse time T1“ 
3306 Which is shoWn as being of less duration than the 
fourth pulse time T1“ 330d. 

Of note in the timing diagram of FIG. 3B is that the 
charging current represented by the Waveforms 340b and 
340c are at a ?rst level preceding the evenly-spaced pulses 
310a and 310b (i.e., during the similar pulse times 330a and 
330b). During a shorter pulse interval 330c, the charging 
current represented by the Waveform 340d preceding the 
pulse 310d is at a higher level. During a yet shorter pulse 
interval 330d, the charging current represented by the Wave 
form 3406 preceding the pulse 3106 is at a yet higher level. 
In this manner, comparable amounts of energy can be 
provided by the PSU to the capacitor in virtually any 
duration charge interval, While maintaining a high input 
poWer factor. 

Although the invention has been illustrated and described 
in detail in the draWings and foregoing description, the same 
is to be considered as illustrative and not restrictive in 
character—it being understood that only preferred embodi 
ments have been shoWn and described, and that all changes 
and modi?cations that come Within the spirit of the inven 
tion are desired to be protected. Undoubtedly, many other 
“variations” on the “themes” set forth hereinabove Will 
occur to one having ordinary skill in the art to Which the 
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10 
present invention most nearly pertains, and such variations 
are intended to be Within the scope of the invention, as 
disclosed herein. 
What is claimed is: 
1. In a system comprising an energy storage capacitor, 

means for periodically discharging the energy storage 
capacitor into a load, and a poWer supply for re-supplying 
energy to the energy storage capacitor betWeen discharges, 
a method of controlling re-supplying energy to the energy 
storage capacitor comprising: 

determining a time interval betWeen subsequent dis 
charges of the energy storage element; and 

regulating the energy output of the poWer supply to 
re-supply energy to the energy storage capacitor over 
substantially the entire interval betWeen subsequent 
discharges of the energy storage element. 

2. A method, according to claim 1, Wherein: 
the energy storage capacitor is a capacitor. 
3. A method, according to claim 2, Wherein: 
the capacitor is discharged into a load selected from the 

group consisting of ?ash lamp, laser system, laser 
diode, strobe light, and pulsed beacon. 

4. A method, according to claim 1, Wherein: 
there is a ?rst time interval (T1‘) betWeen subsequent 

discharges of the energy storage element; and 
the energy is provided to the energy storage capacitor over 

a second time interval (T2‘) Which is at least 50% of the 
?rst time interval. 

5. A method, according to claim 4, Wherein: 
the second time interval is at least 60% of the ?rst time 

interval. 
6. A method, according to claim 4, Wherein: 
the second time interval is at least 70% of the ?rst time 

interval. 
7. A method, according to claim 4, Wherein: 
the second time interval is at least 80% of the ?rst time 

interval. 
8. A method, according to claim 4, Wherein: 
the second time interval is at least 90% of the ?rst time 

interval. 
9. A method, according to claim 4, Wherein: 
the second time interval is at least 95% of the ?rst time 

interval. 
10. A method, according to claim 4, Wherein: 
the second time interval is no greater than 97% of the ?rst 

time interval. 
11. A pulsed-output poWer supply, comprising: 
an energy storage element; 
a poWer supply unit (PSU) providing a source of energy 

for charging the energy storage element; 
sensing means for sensing the rate at Which the poWer 

supply charges the energy storage capacitor and the 
amount of energy stored therein, and providing one or 
more signals indicative thereof; 

a controller responsive to the one or more signals from the 
sensing means for adjusting the rate at Which the poWer 
supply unit provides energy to the energy storage 
element; and 

output sWitching means for discharging the energy stor 
age capacitor into a load. 

12. A pulsed-output poWer supply according to claim 11, 
Wherein: 

said output sWitching means is activated at a substantially 
constant periodic rate to discharge the energy storage 
capacitor into the load; and 
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said controller adjusts the rate at Which the power supply 
unit provides energy to the energy storage capacitor 
such that the rate of energy transfer from the poWer 
supply unit to the energy storage capacitor is essentially 
constant. 

13. A pulsed-output poWer supply according to claim 11, 
further comprising: 

a source of input poWer to the poWer supply unit; 

said controller adjusts the rate at Which the poWer supply 
unit provides energy to the energy storage capacitor 
such that poWer is supplied to the poWer supply unit by 
said source of input poWer at a rate Which is substan 
tially constant. 

5 

14. A pulsed-output poWer supply according to claim 11, 15 
Wherein: 

the load is a laser. 
15. A pulsed-output poWer supply according to claim 14, 

Wherein: 

said output sWitching means is activated at a substantially 
constant periodic rate to discharge the energy storage 
capacitor into the load; and 

said controller adjusts the rate at Which the poWer supply 
unit provides energy to the energy storage capacitor 

20 

12 
such that the rate of energy transfer from the poWer 
supply unit to the energy storage capacitor is essentially 
constant. 

16. Apulsed-output poWer supply according to claim 15, 
further comprising: 

a source of input poWer to the poWer supply unit; 

said controller adjusts the rate at Which the poWer supply 
unit provides energy to the energy storage capacitor 
such that poWer is supplied to the poWer supply unit by 
said source of input poWer at a rate Which is substan 
tially constant. 

17. Method of re-charging a storage capacitor betWeen 
discharges, said storage capacitor being periodically dis 
charged into a load, comprising: 

providing a poWer supply having an adjustable output; 
adjusting the output of the poWer supply in response to the 

charging period. 
18. Method, according to claim 17, further comprising: 
re-charging the storage capacitor over substantially an 

entire period betWeen discharges, thereby increasing 
the input poWer factor of the poWer supply. 

* * * * * 


